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 ,QWURGXFWLRQ
7KHKLJKVSHHGFRPEXVWRUVOLNHVFUDPMHWHQFRXQWHUVYHU\KLJKRSHUDWLQJ WHPSHUDWXUHVRIWKHRUGHURIWR.
GXULQJWKHFRXUVHRIWKHIOLJKW7KHUHDUHWZRVWDJHVRIHQHUJ\DGGLWLRQWRWKHDLUIORZZKLFKPDNHVWKHIORZWRWDO
WHPSHUDWXUHVWRUHDFKVXFKKLJKYDOXHV7KHILUVWRQHLV WKHUDPFRPSUHVVLRQE\YLUWXHRIYHKLFOH IRUZDUGPRWLRQ
DQG VHFRQG LV WKH KHDW DGGLWLRQ LQ WKH FRPEXVWLRQ FKDPEHU IRU REWDLQLQJ WKH WKUXVW ,Q W\SLFDO KLJK VSHHG
FRPEXVWRUVWKHZHGJHZHGJHVWUXWDQGS\ORQVDUHWKHFRPPRQIHDWXUHIRUPRXQWLQJIODPHVWDELOL]HUVOLNHFDYLWLHV
6LQFHWKHOHDGLQJHGJHRIVXFKFRPSRQHQWVZLOOVHHH[WUHPHKDUVKRSHUDWLQJFRQGLWLRQVXVDJHRIVSHFLDOPDWHULDOV
IRUHQJLQHFULWLFDOFRPSRQHQWVLVHVVHQWLDO
=U&%FHUDPLFFRPSRVLWHLVNQRZQDVRQHRIWKHSURPLVLQJPDWHULDOEHFDXVHRILWVVXSHUKDUGSKDVHVRIFDUELGHV
	ERULGHVRI=LUFRQLXPFDQZLWKVWDQG.PHJDZDWWRIHQHUJ\ DQGIRUPDWLRQRILQLWLDOR[LGDWLRQZLOOJLYH
SURWHFWLYHOD\HUSUHYHQWLQJIXUWKHUFRUURVLRQRIWKHFRPSRQHQW >:LOOLDPHWDO @:HGJHVWUXWKDYHEHHQPDGH
XVLQJVXSHUDOOR\VEDVHGRQ QLPRQLF&&DQG5$HWF6XFK VXSHUDOOR\ VWUXWV KDYH IDLOHG LQ WKHKLJK
VSHHGFRPEXVWRUHYDOXDWLRQSURFHVV7KHFDUERQFDUERQDQG6L&FRPSRVLWHV FDQWDNHKLJKHUDHURWKHUPDOORDGVDV
UHTXLUHG IRU KLJK VSHHG FRPEXVWRU HYDOXDWLRQ EXW WKH\ KDYH YHU\ SRRU VXUIDFH URXJKQHVV YDOXH WKDW OHDGV WR WKH
IRUPDWLRQRIHGGLHVZLWKXQSUHGLFWDEOHHURVLRQDQGWKHLUE\VKRZSRRUSHUIRUPDQFHIRUOHDGLQJHGJHDSSOLFDWLRQV
=U&% EDVHGFHUDPLFFRPSRVLWHKDYHVXSHULRUSURSHUWLHVFRPSDUHGWRDOOWKHDERYHPHQWLRQHGPDWHULDOVDQGKHQFH
LWLVLGHDOFDQGLGDWHIRU VWUXW>:RRGHWDO @
 &RPSRVLWHPDWHULDOSUHSDUDWLRQ
,Q RUGHU WR JHW =U&% FRPSRVLWH DSSURSULDWH SURSRUWLRQ RI =U& DQG =U% DORQJ ZLWK VXLWDEOH ELQGHUV DQG
UHLQIRUFHPHQWVDUHFDVWLQFHQWULIXJDOWKHUPLWSURFHVVUHDFWRU 7KLVLVDQLQVLWXFDVWLQJRQJUDSKLWHVXEVWUDWHXVLQJ
YHU\KLJK³J´IDFWRU7KHVROLGFRPSRVLWHPL[WXUHKHOGLQWKHJUDSKLWHVXEVWUDWHLVUDSLGO\KHDWHGWR!R&DWWKH
UDWHRIIHZ0HJD-RXOHV$WWKLVVWDJHWKHFRPSRVLWHLQLWVOLTXLGVWDWHLVKRPRJHQL]HGE\XVLQJFHQWULIXJDOVWLUULQJ
DFWLRQ7KHZKROHSURFHVVLVIRUDYHU\VKRUWGXUDWLRQRIIHZPLOOLVHFRQGVZKHUHLQVXSHUKDUGSKDVHVDUHVWDELOL]HG
7KH LQVLWX IDEULFDWHG FRPSRQHQW KDV ORZ SRURVLW\ DQG KLJK KRW VWUHQJWK VXLWDEOH IRU XOWUD KLJK WHPSHUDWXUH
DSSOLFDWLRQV
7KHJRRGWKHUPDOVKRFNUHVLVWDQFHRI =U&%IXUWKHUHQVXUHVHQKDQFHGSHUIRUPDQFHRIWKHFRPSRVLWHV+RZHYHU
WKH RYHUDOO R[LGDWLRQ UHVLVWDQFH DQG PHFKDQLFDO SURSHUWLHV RI WKH FRPSRVLWHV JHWV UHGXFHG VLJQLILFDQWO\ E\ WKH
DGGLWLRQRIELQGHUVVHFRQGDU\FDUELGHVERULGHVRIPRO\EGHQXPDQGUHLQIRUFHPHQWV6L&&I VKRUWV7KHELQGHUV	
UHLQIRUFHPHQWVKDYHDQHJDWLYHHIIHFWRQWKHILQDOSURGXFW GXHWRGLVVRFLDWLRQZKLFKOLPLWVWKHGXUDWLRQRIWKHXVDJH
DQGQXPEHURIF\FOHV >6HVKDGUL5@
,Q WKHSUHVHQWZRUN LW LV DWWHPSWHG WR H[SHULPHQWDOO\ HYDOXDWH WKHSHUIRUPDQFHRI DZHGJHPDGHRXW RI FHUDPLF
FRPSRVLWHPDWHULDOXQGHUVLPXODWHGRSHUDWLQJFRQGLWLRQVRIWKHKLJKVSHHGFRPEXVWRUV
 ([SHULPHQWDOHYDOXDWLRQ
:HGJHVKDSHGJHRPHWU\RIPPOHDGLQJHGJHUDGLXV[PPWKLFNQHVV[/PPDORQJWKHIORZGLUHFWLRQ
DQGPPYHUWLFDOKHLJKWZDVPDFKLQHGZLWKVSHFLDOWHFKQLTXHVVXFKDV('0&%1PRXQWHGSRLQWIOH[LEOHVKDIW
JULQGLQJ DQGGLDPRQG ODSSLQJ WRJHW WKH UHTXLUHG VKDSH6ROLGPRGHO RI WKHZHGJHZLWK WXQJVWHQ FDUELGHSLQV LV
VKRZQ LQ)LJ D7KH PDFKLQHGZHGJH VWUXWZDV LQWHJUDWHG LQVLGHD UHFWDQJXODUGXFW WKURXJK WXQJVWHQFDUELGH
WRZHOSLQV7KH UHFWDQJXODU GXFWZDVZDWHU FRROHG WRZLWKVWDQG WKHRSHUDWLQJ WHPSHUDWXUHVRIa.&HUDPLF
FRPSRVLWHZHGJHPRXQWHGLQVLGHWKHZDWHUFRROHGGXFWLVVKRZQLQ)LJ  E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)LJD 0RGHORIZHGJHVWUXW E :HGJHPRXQWHGLQVLGHWKHZDWHUFRROHGGXFW
 +LJKVSHHGFRPEXVWRUWHVWULJ
7KHZHGJH DORQJZLWK WKHZDWHU FRROHGGXFW KDVEHHQ LQWHJUDWHG WR WKH KLJK VSHHG FRPEXVWRU WHVW ULJ DW WKH
+6&7)IRU WKHH[SHULPHQWDOHYDOXDWLRQ LVVKRZQLQ WKH)LJ  7KH WHVW ULJFDQVXSSO\0DFKIORZDWEDU DQG
.7KHPDVVIORZUDWHWKDWFDQEHDFKLHYHGLQWKHULJLVaNJV7KHDLULVGUDZQIURPWKHFHQWUDODLUVWRUDJH
V\VWHPFDSDEOHRIVWRUDJHDWEDUV7KLVDLULVSDVVHGWKURXJKDFRQWUROYDOYHWRDFKLHYHWKHUHTXLUHGLQOHWSUHVVXUH
DQGKHDWHG WKURXJK WKHNHURVHQHEXUQLQJSUHKHDWHUV IURP. WR.7KH DLUPDVV IORZ UDWH LVPHDVXUHG
XVLQJRULILFHPHWHUGHVLJQHGDQGIDEULFDWHGDVSHUWKHVWDQGDUG,65HSOHQLVKPHQWR[\JHQLVLQMHFWHGXSVWUHDP
RIKHDWHUVWRHQULFKWKHIORZVRWKDWHYHQDIWHUYLWLDWHGKHDWLQJWKHR[\JHQOHYHOVLQWKHIORZUHPDLQVDW99
$FFXUDWHPHWHULQJ RI R[\JHQ LV GRQH WKURXJK D FRQWURO V\VWHP EDVHG RQ WKH SUHFDOLEUDWLRQ YDOXHV 7KH R[\JHQ
LQMHFWLRQSUHVVXUHVDUHNHSWUHODWLYHO\KLJKWRDYRLGWKHFKRNLQJRIWKHR[\JHQIORZDWWKHLQMHFWRUV 7ZROHYHOVRI
KHDWLQJWHFKQLTXHVDUHXVHGWRUHDFKWHPSHUDWXUHRI.7KH3UHKHDWHUKHDWVWKHDLUIURP.WR.DQG
3UHKHDWHU KHDWV WKH DLU IURP. WR.7KH FRQYHUJHQWGLYHUJHQWZDWHU FRROHGQR]]OH DFFHOHUDWHV WKH
IORZIURPVXEVRQLFWR0DFK
)LJ &HUDPLFFRPSRVLWHZHGJHVWUXWLQWHJUDWHGWRWKH+LJK6SHHG&RPEXVWRU7HVW5LJ
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7KHWHPSHUDWXUHVDUHPHDVXUHGXVLQJ7\SH.&KURPHO$OXPHOWKHUPRFRXSOHDWH[LWRIWKHSUHKHDWHUDQG7\SH
%3W5K±3W5KWKHUPRFRXSOHDWH[LWRIWKHSUHKHDWHU%RWKWKHWKHUPRFRXSOHUHDGLQJVDUHFRUUHFWHG
IRU UDGLDWLRQ HUURU$ KLJK YROXPH VHWWOLQJ FKDPEHU LV LQVWDOOHG EHWZHHQ WKH SUHKHDWHU  DQG0DFK  QR]]OH WR
DWWDLQWKHXQLIRUPIORZSDUDPHWHUVDWWKHLQOHWRIWKHQR]]OH7KHVHWWOLQJFKDPEHULVFRDWHGZLWKPPFHUDPLF
LQVXODWLRQ IRU WKHUPDO SURWHFWLRQ$ FORVHG ORRS FRQWURO V\VWHP GLFWDWHV WKH DPRXQW RI NHURVHQH WKDW QHHGV WR EH
LQMHFWHG LQ SUHKHDWHUV WRPDLQWDLQ WKH UHTXLUHG WHPSHUDWXUH E\ WDNLQJ IHHGEDFN IURP WKHUPRFRXSOHV 7KH HQWLUH
RSHUDWLRQRIWKHWHVWULJLVIXOO\DXWRPDWHGDQGGHYHORSHGLQKRXVH
 ([SHULPHQWDOSURFHGXUH
,QLWLDOO\DVPDOOIORZUDWHRIDLUaNJVLVDOORZHGIROORZHGE\LJQLWLQJWKHSUHKHDWHUE\LQMHFWLQJWKH
IXHO7KHDLUPDVVIORZUDWHDQGSUHKHDWHUWHPSHUDWXUHLVEURXJKWWRWKHSUHVHWYDOXHRINJVDQG.3UH
KHDWHULVLJQLWHGXVLQJ KLJKLQWHQVLW\HOHFWULFVSDUNDQGWHPSHUDWXUHLVEURXJKWWRWKHUHTXLUHGYDOXHRI.
'XULQJ WKH SURFHVV UHSOHQLVKPHQW 2[\JHQ LV LQMHFWHG XSVWUHDP RI KHDWHUV WR HQULFK WKH IORZ $IWHU WKH SUHVHW
GXUDWLRQRIWKHVXVWDLQHGDQGVWDEOHWHPSHUDWXUHDQGIORZSDUDPHWHUVWKHIXHOWRWKHSUHKHDWHUVDQGR[\JHQLVFXW
RIIRQO\WKHDLUDW.LVDGPLWWHGWKURXJKWKHULJVLPXODWLQJWKHWKHUPDOVKRFN7KHVDPHH[SHULPHQWDOF\FOHZDV
UHSHDWHGIRUVLPXODWLQJWKHUHSHDWHGWKHUPDOORDGVDQGVKRFNV7\SLFDOH[SHULPHQWDO F\FOHLVLQGLFDWHGLQWKH)LJ 
XVLQJFXUYHVWDUWIURPWR$IWHUWKHHYDOXDWLRQSURFHVVDUHJLRQQHDUWROHDGLQJHGJHZDVWDNHQIRUFHUDPRJUDSK\
DQDO\VLV
)LJ  7KHUPDOKLVWRU\GXULQJKLJKVSHHGFRPEXVWLRQWHVWV
 5HVXOWV DQGGLVFXVVLRQ
7KH VXLWDELOLW\ RI =LUFRQLXP EDVHG FRPSRVLWH LV SURYHG IRU IXHO VWUXW LQ KLJK VSHHG FRPEXVWRU DSSOLFDWLRQ
EHFDXVH RI LWV PRGHUDWH GHQVLW\ JFF KLJK KDUGQHVV *3D DQG JRRG R[LGDWLRQ UHVLVWDQFH DW XOWUD KLJK
WHPSHUDWXUH7KHIUDFWXUH WRXJKQHVV RI WKHFRPSRVLWH LVDURXQG WR03DPò 7KHURRPWHPSHUDWXUH WKHUPDO
FRQGXFWLYLW\ YDOXH LV :P. )LJ  JLYHV WKH FRPSDULVRQ EHWZHHQ WKH IXHO VWUXW VSHFLPHQ EHIRUH	 DIWHU WKH
FRPEXVWRUWHVWV([FHSWIRUWKHIRUPDWLRQRIDWKLQR[LGHOD\HUWKHVSHFLPHQZDVLQWDFWZLWKQRHURVLRQDIWHULWZDV
VXEMHFWHG WR KLJK WHPSHUDWXUHV DQG WKHUPDO F\FOLQJ 7KH KDUGQHVV RI WKH R[LGH OD\HU IRUPHG LQ XOWUD KLJK
WHPSHUDWXUH UHJLRQ LV *3D )LJ VKRZD FURVV VHFWLRQDO PLFURJUDSKQHDU WKH OHDGLQJ HGJH FRQWURO VXUIDFHRI
R[LGL]HGFHUDPLFFRPSRVLWH





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)LJ 7KHLQWHJULW\DQGJHRPHWULFDOVKDSHRIWKHFHUDPLFFRPSRVLWHZHGJHVWUXWUHPDLQVLGHQWLFDOEHIRUH	 DIWHUWHVWH[FHSWIRUWKHIRUPDWLRQRI
WKLQILOPRI ]LUFRQLXPR[LGH
;
)LJ 0LFURJUDSKQHDUWKHOHDGLQJHGJHFRQWUROVXUIDFHRIWKHR[LGL]HGFHUDPLFFRPSRVLWH
)URPWKHPLFURJUDSKRIWKHVSHFLPHQ VKRZQLQ )LJ LWLVFOHDUO\VHHQWKDWWKHSKDVHVLQWKHR[LGHOD\HUaP
PLJUDWHVIURPRXWHUWRLQQHUVXUIDFH ± IURPULJKWWROHIWLQWKHILJXUHDQGWKHVL]HVRIWKHR[LGHSDUWLFOHLVDURXQG
PLQVL]H7KHUHDUHILYHUHJLRQVPDUNHGLQWKH)LJ  VKRZLQJFHUDPLFFRPSRVLWH+HDWDIIHFWHG=RQH+$=OLQH
RIVHSDUDWLRQ2[LGH/D\HUDQGWKHRXWHUPRVWVXUIDFH$EULHIGHVFULSWLRQRIWKHVHUHJLRQVLVJLYHQEHORZ
5HJLRQ &HUDPLFFRPSRVLWH
7KH PLFURVWUXFWXUH RI WKH FHUDPLF FRPSRVLWH )LJ  	 )LJ  D ZLWK  PDJQLILFDWLRQ VKRZV D
KRPRJHQHRXV DQG SRUH IUHHPLFURVWUXFWXUHZKLFK LV OLNHO\ WR DVVLVW WKH IRUPDWLRQ RI XQLIRUP WKLFNQHVV RI R[LGH
>7RNL]DQH0DVDKDUX HWDO @ &HUDPLFFRPSRVLWHFRQVLVWRI=U&%ZLWKELQGHUVVHFRQGDU\FDUELGHVERULGHV
RIPRO\EGHQXPDQGUHLQIRUFHPHQWV6L&&I VKRUWV )XHOVWUXWZLWKOHDVWHURVLRQLWVHOISURYHVWKDWZHGJHLVPDGH
%HIRUHWHVW $IWHUWHVW
1337 A. Arul paligan et al. /  Procedia Materials Science  5 ( 2014 )  1332 – 1339 
RXWRIVXLWDEOHFRPSRVLWHPDWHULDO
)LJ  D 0LFURJUDSKRIFHUDPLFFRPSRVLWH E 0LFURJUDSKRI+$=
7KHSUHVHQFHRIORZELQGHUIUDFWLRQLQWKHPLFURVWUXFWXUHDORQJZLWKJRRGGLVWULEXWLRQRIWKHKDUGSKDVHFRQWULEXWHV
WR LPSURYH WKH HURVLRQ UHVLVWDQFH RI WKH FHUDPLF FRPSRVLWH >$UXO 3DOLJDQ HW DO @ /RZ ELQGHU IUDFWLRQ LV
DSSDUHQWIURPWKH PLFURVWUXFWXUHGXHWRPRGHUDWHYDOXHRIGHQVLW\
5HJLRQ +HDW$IIHFWHG=RQH+$=
)LJ	)LJE ZLWKDPDJQLILFDWLRQRI;VKRZVWKHPLFURVWUXFWXUHRIWKH]RQHQHDUWRR[LGHOD\HU
+$=WKLFQHVVaP,WLVFOHDUO\VHHQIURP)LJXUH WKDWWKH GLVVROXWLRQDQGUHSUHFLSLWDWLRQRIWKHFDUELGHDQG
ELQGHUSKDVHVOHDGWRWKHIRUPDWLRQRIDW\SLFDOFRUHULPPLFURVWUXFWXUH >$UXO3DOLJDQ HWDO@
5HJLRQ  6HSDUDWLRQOLQH
7KHPLFURJUDSK LQ)LJ UHYHDOV WKH IRUPDWLRQRID VHSDUDWLRQ OLQHEHWZHHQR[LGH OD\HUDQG+$= ,WPD\EH
QRWHG WKDW VXFK JDSV DUH H[SHFWHGGXH WR IRUPDWLRQRI R[LGHSKDVHVZKLFK DUH VXVFHSWLEOH WR IRUP OLTXLGJODVVHV
VXFK DVERURVLOLFDWH DW HOHYDWHG WHPSHUDWXUHV7KHGLIIHUHQFH LQ WKH VROLGLILFDWLRQ VKULQNDJHRI WKHR[LGHSKDVHV
IURPOLTXLGWRVROLGDIWHUFRROLQJFRXOGEHDUHDVRQIRUWKHOLQHRIVHSDUDWLRQ7KHGLIIHUHQFHLQWKHLUFRHIILFLHQWRI
WKHUPDOH[SDQVLRQFDQDOVREHDQRWKHUFDXVH >$UXO3DOLJDQ HWDO@
5HJLRQ  2[LGHOD\HU
)URP )LJ  WKH R[LGDWLRQ RI =U&% ZLWK VHFRQGDU\ FDUELGHV ERULGHV RI PRO\EGHQXP DQG 6L&&I VKRUWV
SURGXFHV=U2%2 0R2 DQG6L26LJQLILFDQWR[LGDWLRQRIWKHFHUDPLFFRPSRVLWHLQDWPRVSKHULFDLUEHJLQVDW
. 7KH VRIWHQLQJ WHPSHUDWXUH RI %2 LV LQ WKH UDQJH RI . >0HU]DQRY HW DO @ ,W LV DOVR
ZRUWKZKLOH WR PHQWLRQ WKDW PRO\EGHQXP EDVHG VHFRQGDU\ FDUELGHV DUH VXVFHSWLEOH WR D ³SHVW´ UHDFWLRQ ZKLFK
DFFHOHUDWHVWKHSURFHVVRIGLVLQWHJUDWLRQRIWKHR[LGHOD\HULQWKHLQWHUPHGLDWH WHPSHUDWXUHUDQJH. >$UXO
3DOLJDQ HWDO@ %HORZ.R[LGHVFDOHFRQVLVWVRIDSRURXV=U2 QHWZRUNILOOHGZLWKOLTXLG%2 DQG0R2
7KHYDSRXUSUHVVXUHRIERWKR[LGHVLQFUHDVHVUDSLGO\ZLWKWHPSHUDWXUHUHVXOWLQJLQHURVLRQRIWKHVXUIDFH,QXOWUD
KLJKWHPSHUDWXUHUHJLRQ!.]LUFRQLDPHOWVDQGPL[HVZLWK%20R2 DQG6L2 JODVVSKDVHVDQGVHDOVWKH
HQWLUHVXUIDFH ;UD\UDGLRJUDSK\FRUURERUDWHVWKHIODZOHVVFRQGLWLRQ RIWKHZHGJHLVVKRZQLQ)LJ 
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)LJ  ;UD\ UDGLRJUDSK\FRUURERUDWHVWKHIODZOHVVFRQGLWLRQRIWKHFHUDPLFFRPSRVLWHZHGJHVWUXW
5HJLRQ2XWHUVXUIDFH
7KHPL[HG JODVV SKDVHV SURYLGH D VKLHOG WR WKH VXUIDFH DQG SUHYHQW IXUWKHU WUDQVSRUW RI R[\JHQ DQG WKHUHE\
FRQWUROV WKH GLVLQWHJUDWLRQ RI WKH R[LGH OD\HU IURP LWV URRW >6HVKDGUL 5 @ 7KH R[LGH OD\HU IRUPHG RQ WKH
=U&%FHUDPLFFRPSRVLWHZLOOQRWFRPHRXWDVIODNHVEXWVWLFNVWRWKHPDWHULDODQGRQO\SURJUHVVLYHR[LGHOD\HU
HURVLRQ ZDV REVHUYHG XOWUD KLJK WHPSHUDWXUH RQ WKH VXUIDFH DQG R[\JHQ ULFK HQYLURQPHQW DVVRFLDWHG ZLWK KLJK
VSHHGDLUIORZFRQGLWLRQUDSLGO\LQFUHDVHVR[LGDWLRQOD\HUIRUPDWLRQRQFHUDPLFFRPSRVLWHGXHWRVXUIDFHFKHPLVWU\
PRGLILFDWLRQV 7KH IRUPDWLRQ RI FRUH ULP PLFURVWUXFWXUH LQ WKH KHDW DIIHFWHG ]RQH SURYLGHV D FRQGLWLRQ RI VHOI
VHDOLQJ
 &RQFOXVLRQV
7KHGHYHORSHGHURVLRQOHVVFHUDPLFFRPSRVLWHZHGJHIXHOVWUXWZLWKVWDQGLQJXOWUDKLJKWHPSHUDWXUHVZDVWHVWHG
VXFFHVVIXOO\LQ+6&7)7KHWHVWSURYHGWKHUPDOVKRFNUHVLVWDQFHRIWKHFRPSRVLWHLQDOOGLUHFWLRQSURYHGLVRWURSLF
SURSHUW\ LQ YHU\ KLJK WKHUPDO JUDGLHQW  WR . ZLWKLQ ILYH VHFRQGV DQG WKHUHE\ VXSHULRULW\ RI FHUDPLF
FRPSRVLWH IRU OHDGLQJHGJH$HURVSDFHDSSOLFDWLRQV7KHH[SHULPHQWVFRQFOXGHG WKDW WKH IRUPDWLRQRI WKLQ ILOP RI
]LUFRQLXPR[LGHRQWKHFRQWUROVXUIDFHSUHYHQWHGIXUWKHUR[LGDWLRQ7KHKLJK7KHUPDOFRQGXFWLYLW\RI =U% KHOSHG
LQXQLIRUPGLVWULEXWLRQRIKHDWUHGXFLQJWKHUPDOVWUHVVHV 7KLVFRPSRVLWHKDVPDQ\DGGHGDGYDQWDJHVRYHUQRUPDOO\
XVHGFDUERQFDUERQDQG6L&FRPSRVLWHVGXHWRLWVH[FHOOHQWSHUIRUPDQFHDWXOWUDKLJKWHPSHUDWXUHVORZSURFHVVLQJ
WLPHDQGFRVWHIIHFWLYHQHVVWK WKHFRVWRIRWKHUSURFHVVHV
 $FNQRZOHGJPHQWV
7KH DXWKRUV JUDWHIXOO\ DFNQRZOHGJH & 50DKHVK .XPDU . -DJDQQDWKD 5DR ' .DQQDGDVDQ 	 5 .ULVKQD
0XUWK\IRUWKHLUZRUNRQWKHIDEULFDWLRQRIWKHHTXLSPHQWVDQGFRPSRQHQWVUHTXLUHGIRUWKHGHYHORSPHQWRIWKHIXHO
VWUXW $XWKRUV WKDQN - 6ULQLYDV 3 3UDWKHHVKNXPDU DQG0 6DWKLVKNXPDU IRU WKHLU KHOS LQ WHVWLQJ WKH VWUXW LQ WKH
+6&7)7KH\DOVRZLVKWRWKDQN'U$UXQ.XPDU)RUPHU+HDG3URSXOVLRQ'LYLVLRQIRUWKHLQLWLDWLYHKHWRRNLQWKH
GHYHORSPHQWRIFHUDPLFVWUXW$XWKRUVWKDQN0U0-D\DUDPDQ+HDG3URSXOVLRQ'LYLVLRQDQG0U6K\DP&KHWW\
'LUHFWRU1$/IRUWKHLUFRQVWDQWVXSSRUW
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